Introduction {#section1-1076029620910793}
============

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is a well-known complication of malignant disease, and it is recognized that patients with cancer have 4 to 7 times higher risk of VTE compared to the general population.^[@bibr1-1076029620910793],[@bibr2-1076029620910793]^ Several epidemiological studies have found that lung cancer was one of the malignant diseases with the highest incidence rate of VTE.^[@bibr3-1076029620910793]^ The rate of VTE in patients with lung cancer was estimated from 1.4% to 15%.^[@bibr3-1076029620910793][@bibr4-1076029620910793]--[@bibr5-1076029620910793]^ Moreover, retrospective studies have reported associations between VTE and longer length of stay, higher rate of clinical complications, higher in hospital mortality rate, greater disability upon discharge, and more cost for various patients.^[@bibr6-1076029620910793][@bibr7-1076029620910793]--[@bibr8-1076029620910793]^ Thus, a method to estimate risk of developing VTE in patients with lung cancer will be clinically valuable. Several risk factors for cancer-related VTE have been identified, including cancer type, age, gender, bed rest, central venous catheter (CVC), anticancer treatment, and so on.^[@bibr7-1076029620910793],[@bibr9-1076029620910793]^ Although several VTE risk score system have been published in the recent years, they rely on biochemical predictors or are not lung cancer specific and thus provide limited clinical benefit.^[@bibr10-1076029620910793][@bibr11-1076029620910793]--[@bibr12-1076029620910793]^ Hence, the aim of this retrospective cohort study was to study clinical predictors of VTE in Chinese patients with lung cancer and to develop a scoring system to provide a reliable estimate of VTE risk.

Methods {#section2-1076029620910793}
=======

Patients {#section3-1076029620910793}
--------

We conducted a retrospective cohort study using the hospital records of the First Affiliated Hospital of Sun Yat-sen University in Guangzhou to assemble a population of 926 patients who were diagnosed with all stages of lung cancer between February 2013 and February 2018. Data were retrieved by data managers and research coordinators. Patient enrolled in our study were all inpatient because a large amount of the treatment of lung cancer was still inpatient therapy in China, partially due to the China's medical insurance policy, which requires hospitalization to get reimbursement. Purpose of hospitalization included resectable tumor, newly diagnosed patients, tumor progression seeking new chemotherapy regimens, radiotherapy, and serious adverse events secondary to outpatient chemotherapy or radiotherapy. Patients with history of the other malignant tumors, acute myocardial infarction, and acute cerebral infarction were excluded. Further, those who did not undergo VTE assessment during hospitalization were also excluded. A total of 827 patients were finally included ([Figure 1](#fig1-1076029620910793){ref-type="fig"}). Demographic and clinicopathological characteristics were collected for all patients, such as sex, age, body mass index (BMI), bed rest, clinical stage, histology, smoking status, hypertension, diabetes mellitus, hyperlipidemia, history of chemotherapy, history of radiotherapy, history of surgery, leukocyte, hemoglobin, platelet, albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine (Cr), sodium, C-reactive protein (CRP), prothrombin time (PT), [d]{.smallcaps}-dimer, history of CVC, and so on. This study was approved by institutional review board of the First Affiliated Hospital of Sun Yat-sen University. Written consent was not required as the data were routinely available within current clinical practice and were analyzed using unidentified data.

![Flowchart of patient inclusion and exclusion.](10.1177_1076029620910793-fig1){#fig1-1076029620910793}

Outcome Definition and VTE Prophylaxis {#section4-1076029620910793}
--------------------------------------

The primary outcome was the development of VTE. The VTE included DVT and/or PE. DVT was defined as formation of a blood clot in a deep vein, most commonly the legs. PE is a result of detachment of a clot that travels to the pulmonary artery. Upper extremity DVT and catheter-associated DVT were also included, while both segmental and subsegmental PE were included in this study. DVT was confirmed by ultrasound, while PE was confirmed by computed tomography or magnetic resonance, which was independently reviewed by 2 radiologists. In general, hospitalized patients should be evaluated for both VTE and bleeding risk within 24 hours of admission and periodically during the hospital stay. The Padua Risk Assessment Model should be used to assess VTE risk in medical patients, while the Caprini Risk Assessment Model should be used to assess VTE risk in surgery patients. Early and frequent ambulation, mechanical prophylaxis, or pharmacologic prophylaxis will be recommended based on comprehensive consideration of VTE and bleed risk.

Statistical Analysis {#section5-1076029620910793}
--------------------

Patients were randomly assigned into 2 groups: development group (60%, 496 patients) and validation group (40%, 331 patients). Random numbers were generated from the sequence of the medical records numbers, and grouping was then determined according to the ranking of random numbers via the software SPSS.

All data were analyzed by software SPSS Statistics version 22.0 of IBM. Classified variables are transformed as frequency, and χ^2^ statistic test was used for further assessment.

Two steps were taken for the development of the risk score system based on the development data set. Firstly, univariate analysis was performed to illustrate the preoperative risk factors for VTE. Second, factors with significant *P* value (\<.05) in the first step were further analyzed with multivariable stepwise logistic regression analysis, and the odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. The variables with significant *P* value (\<.05) remained as risk factors for VTE. The Hosmer-Lemeshow statistic was used for goodness-of-fit assumption. Next, the β coefficients were divided by the smallest absolute value of regression coefficient and rounded to the nearest integer. Finally, all of the weighted coefficients were summed representing the patient's risk score. According to this, every patient in the development group and validation group was assigned with a risk score that was consequently applied to classify patients into groups based on risk. Receiver operating characteristic curve analysis was next applied for establishment of the cutoff values of risk scores most predictive of VTE.

As the second step, the risk score system was tested. In brief, the discriminant validity of the risk score system was assessed by the *c* statistic. A total of 800 bootstrap samples were selected from the development data set and validation data set, respectively, to calculate the 95% CI for the *c* statistic. All tests were 2-tailed, and statistical significance was defined as *P* \< .05.

Results {#section6-1076029620910793}
=======

Patient Characteristics and VTE Incidence {#section7-1076029620910793}
-----------------------------------------

The hospital medical records of 827 patients with lung cancer were reviewed. Overall, 423 patients received surgical resection as initial therapy, 259 patients received first-line chemotherapy as initial therapy, 114 patients received targeted therapy, and 31 patients received chemoradiation as initial therapy. The incidence of VTE in all patients was 12.3% (102/827), and 78 (76.4%) patients were symptomatic, whereas 24 (23.6%) patients were asymptomatic. The incidence of VTE was similar between the development group and the validation group (12.7% vs 11.8%; *P* = .694; [Figure 2](#fig2-1076029620910793){ref-type="fig"}). Similarly, there were no significant differences of incidence in DVT only (7.5% vs 7.3%; *P* = .910), PE only (2.4% vs 2.1%; *P* = .775), and DVT + PE (2.6% vs 2.7%; *P* = .932) between the 2 groups. The basic characteristics of the 2 data sets are illustrated in [Table 1](#table1-1076029620910793){ref-type="table"}.

![Incidence of venous thromboembolism (VTE) in patients with lung cancer.](10.1177_1076029620910793-fig2){#fig2-1076029620910793}

###### 

The Characteristics of Patients in Development and Validation Groups.

![](10.1177_1076029620910793-table1)

  Variables                                  Development Group, n = 496   Validation Group, n = 331   χ^2^    *P*
  ------------------------------------------ ---------------------------- --------------------------- ------- ------
  Sex                                                                                                 0.019   .891
   Female                                    179 (36.1)                   121 (36.6)                          
   Male                                      317 (63.9)                   210 (63.4)                          
  Age (≥65years)                                                                                      0.251   .616
   No                                        370 (74.6)                   252 (76.1)                          
   Yes                                       126 (25.4)                   79 (23.9)                           
  BMI (≥25 kg/m^2^)                                                                                   0.157   .692
   No                                        305 (61.5)                   199 (60.1)                          
   Yes                                       191 (38.5)                   132 (39.9)                          
  Bed rest (≥3 days)                                                                                  0.297   .586
   No                                        445 (89.7)                   293 (88.5)                          
   Yes                                       51 (10.3)                    38 (11.5)                           
  Clinical stage                                                                                      0.544   .461
   I-II                                      200 (40.3)                   142 (42.9)                          
   III-IV                                    296 (59.7)                   189 (57.1)                          
  Histology                                                                                           0.067   .796
   Adenocarcinoma                            328 (66.1)                   216 (65.3)                          
   Non-AD                                    168 (33.9)                   115 (34.7)                          
  Smoking status                                                                                      3.798   .051
   Smoker                                    190 (38.3)                   150 (45.3)                          
   Nonsmoker                                 306 (61.7)                   181 (54.7)                          
  Hypertension                                                                                        0.002   .961
   No                                        434 (87.5)                   290 (87.6)                          
   Yes                                       62 (12.5)                    41 (12.4)                           
  Diabetes mellitus                                                                                   3.114   .078
   No                                        443 (89.3)                   282 (85.2)                          
   Yes                                       53 (10.7)                    49 (14.8)                           
  Hyperlipidemia                                                                                      1.638   .201
   No                                        396 (79.8)                   276 (83.4)                          
   Yes                                       100 (20.2)                   55 (16.6)                           
  History of chemotherapy                                                                             0.499   .480
   No                                        292 (58.9)                   203 (61.3)                          
   Yes                                       204 (41.1)                   128 (38.7)                          
  History of radiotherapy                                                                             0.304   .581
   No                                        377 (76)                     246 (74.3)                          
   Yes                                       119 (24)                     85 (25.7)                           
  History of surgery                                                                                  0.220   .639
   No                                        239 (48.2)                   165 (49.8)                          
   Yes                                       257 (51.8)                   166 (50.2)                          
  Leukocyte (\>10 × 10^9^/L)                                                                          1.841   .175
   No                                        443 (89.3)                   305 (92.1)                          
   Yes                                       53 (10.7)                    26 (7.9)                            
  Hemoglobin (\<100 mg/L)                                                                             0.283   .595
   No                                        455 (91.7)                   307 (92.7)                          
   Yes                                       41 (8.3)                     24 (7.3)                            
  Platelet (\>300 × 109/L)                                                                            0.493   .482
   No                                        387 (78)                     265 (80.1)                          
   Yes                                       109 (22)                     66 (19.9)                           
  Albumin (\<35 g/L)                                                                                  1.542   .214
   No                                        360 (72.6)                   227 (68.6)                          
   Yes                                       136 (27.4)                   104 (31.4)                          
  ALT (\>35 mmol/L)                                                                                   0.069   .792
   No                                        433 (87.3)                   291 (87.9)                          
   Yes                                       63 (12.7)                    40 (12.1)                           
  AST (\>40 mmol/L)                                                                                   0.058   .809
   No                                        418 (84.3)                   281 (84.9)                          
   Yes                                       78 (15.7)                    50 (15.1)                           
  Cr (\>84 mmol/L)                                                                                    0.014   .905
   No                                        87 (17.5)                    57 (17.2)                           
   Yes                                       409 (82.5)                   274 (82.8)                          
  Sodium (\<135 mmol)                                                                                 2.653   .103
   No                                        456 (91.9)                   314 (94.9)                          
   Yes                                       40 (8.1)                     17 (5.1)                            
  CRP (\>8 mmol/L)                                                                                    2.864   .091
   No                                        304 (61.3)                   222 (67.1)                          
   Yes                                       192 (38.7)                   109 (32.9)                          
  PT (\>14 seconds)                                                                                   0.055   .815
   No                                        72 (14.5)                    50 (15.1)                           
   Yes                                       424 (85.5)                   281 (84.9)                          
  [d]{.smallcaps}-dimers (\>0.55 mg/L FEU)                                                            0.354   .552
   No                                        341 (68.8)                   234 (70.7)                          
   Yes                                       155 (31.3)                   97 (29.3)                           
  History of CVC                                                                                      7.773   .005
   No                                        296 (59.7)                   165 (49.8)                          
   Yes                                       200 (40.3)                   166 (50.2)                          

Abbreviations: AD, adenocarcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cr, creatinine; CRP, C-reactive protein; CVC, central venous catheter; PT, prothrombin time.

Risk Factors for VTE Identified by Univariate Analysis {#section8-1076029620910793}
------------------------------------------------------

There were statistically significant differences between non-VTE patients and patients with VTE in the variables of sex, age, bed rest, clinical stage, histology, history of chemotherapy, history of surgery, [d]{.smallcaps}-dimers, and history of CVC (*P* \< .05), whereas the variables of BMI, smoking status, hypertension, diabetes mellitus, hyperlipidemia, history of radiotherapy, leukocyte, hemoglobin, albumin, ALT, AST, Cr, sodium, CRP, and PT were similar (*P* \> .05). The univariate comparison of potential predictor variables between non-VTE patients and patients with VTE in the development group are shown in [Table 2](#table2-1076029620910793){ref-type="table"}.

###### 

Contrast of Variables Between Non-VTE and VTE Patients in the Development Group.

![](10.1177_1076029620910793-table2)

  Variables                                  Non-VTE, n = 433   VTE, n = 63   χ^2^     *P*    OR (95% CI)
  ------------------------------------------ ------------------ ------------- -------- ------ ---------------------
  Sex                                                                         10.858   .001   2.997 (1.52-5.907)
   Female                                    168 (93.9)         11 (6.1)                      
   Male                                      265 (83.6)         52 (16.4)                     
  Age (≥65years)                                                              9.587    .002   2.34 (1.351-4.052)
   No                                        333 (90.0)         37 (10.0)                     
   Yes                                       100 (79.4)         26 (20.6)                     
  BMI (≥25 kg/m^2^)                                                           1.074    .300   1.325 (0.777-2.26)
   No                                        270 (88.5)         35 (11.5)                     
   Yes                                       163 (85.3)         28 (14.7)                     
  Bed rest (≥3 days)                                                          4.031    .045   2.078 (1.004-4.301)
   No                                        393 (88.3)         52 (11.7)                     
   Yes                                       40 (78.4)          11 (21.6)                     
  Clinical stage                                                              6.681    .010   2.171 (1.193-3.949)
   I-II                                      184 (92.0)         16 (8.0)                      
   III-IV                                    249 (84.1)         47 (15.9)                     
  Histology                                                                   5.645    .018   2.144 (1.13-4.071)
   Adenocarcinoma                            278 (84.8)         50 (15.2)                     
   Non-AD                                    155 (92.3)         13 (7.7)                      
  Smoking status                                                              0.268    .605   0.868 (0.507-1.486)
   Smoker                                    164 (86.3)         26 (13.7)                     
   Nonsmoker                                 269 (87.9)         37 (12.1)                     
  Hypertension                                                                0.127    .721   0.859 (0.373-1.98)
   No                                        378 (87.1)         56 (12.9)                     
   Yes                                       55 (88.7)          7 (11.3)                      
  Diabetes mellitus                                                           1.422    .233   0.531 (0.185-1.527)
   No                                        384 (86.7)         59 (13.3)                     
   Yes                                       49 (92.5)          4 (7.5)                       
  Hyperlipidemia                                                              0.056    .814   0.922 (0.472-1.804)
   No                                        345 (87.1)         51 (12.9)                     
   Yes                                       88 (88.0)          12 (12.0)                     
  History of chemotherapy                                                     9.233    .002   2.267 (1.324-3.88)
   No                                        266 (91.1)         26 (8.9)                      
   Yes                                       167 (81.9)         37 (18.1)                     
  History of radiotherapy                                                     0.354    .552   1.199 (0.659-2.183)
   No                                        331 (87.8)         46 (12.2)                     
   Yes                                       102 (85.7)         17 (14.3)                     
  History of surgery                                                          5.086    .024   1.872 (1.079-3.249)
   No                                        217 (90.8)         22 (9.2)                      
   Yes                                       216 (84.0)         41 (16.0)                     
  Leucocyte (\>10 × 10^9^/L)                                                  0.571    .450   0.691 (0.264-1.809)
   No                                        385 (86.9)         58 (13.1)                     
   Yes                                       48 (90.6)          5 (9.4)                       
  Hemoglobin (\<100 mg/L)                                                     0.350    .554   0.726 (0.25-2.11)
   No                                        396 (87.0)         59 (13.0)                     
   Yes                                       37 (90.2)          4 (9.8)                       
  Platelet (\>300 × 109/L)                                                    0.003    .960   1.017 (0.538-1.92)
   No                                        338 (87.3)         49 (12.7)                     
   Yes                                       95 (87.2)          14 (12.8)                     
  Albumin (\<35 g/L)                                                          0.679    .410   1.271 (0.718-2.251)
   No                                        317 (88.1)         43 (11.9)                     
   Yes                                       116 (85.3)         20 (14.7)                     
  ALT (\>35 mmol/L)                                                           0.163    .686   1.17 (0.546-2.504)
   No                                        379 (87.5)         54 (12.5)                     
   Yes                                       54 (85.7)          9 (14.3)                      
  AST (\>40 mmol/L)                                                           1.312    .252   1.472 (0.757-2.862)
   No                                        368 (88.0)         50 (12.0)                     
   Yes                                       65 (83.3)          13 (16.7)                     
  Cr (\>84 mmol/L)                                                            0.529    .467   1.318 (0.625-2.783)
   No                                        78 (89.7)          9 (10.3)                      
   Yes                                       355 (86.8)         54 (13.2)                     
  Sodium (\<135 mmol/L)                                                       0.286    .593   0.748 (0.257-2.177)
   No                                        397 (87.1)         59 (12.9)                     
   Yes                                       36 (90)            4 (10)                        
  CRP (\>8 mmol/L)                                                            0.147    .701   0.898 (0.519-1.554)
   No                                        264 (86.8)         40 (13.2)                     
   Yes                                       169 (88)           23 (12)                       
  PT(\>14 seconds)                                                            0.192    .661   1.192 (0.542-2.621)
   No                                        64 (88.9)          8 (11.1)                      
   Yes                                       369 (87.0)         55 (13.0)                     
  [d]{.smallcaps}-dimers (\>0.55 mg/L FEU)                                    4.525    .033   1.787 (1.041-3.067)
   No                                        305 (89.4)         36 (10.6)                     
   Yes                                       128 (82.6)         27 (17.4)                     
  History of CVC                                                              32.055   .000   4.902 (2.717-8.844)
   No                                        279 (94.3)         17 (5.7)                      
   Yes                                       154 (77.0)         46 (23.0)                     

Abbreviations: AD, adenocarcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; Cr, creatinine; CRP, C-reactive protein; CVC, central venous catheter; OR, odds ratio; PT, prothrombin time; VTE, venous thromboembolism.

The Risk Score System Developed by Multivariable Analyses for Predicting VTE {#section9-1076029620910793}
----------------------------------------------------------------------------

Variables showing statistically significant difference in univariate analysis were tested in the multivariable logistic regression model. Significant variables (*P* \< .05) of male, age ≥65years, clinical stage III-IV, adenocarcinoma, history of chemotherapy, history of surgery, [d]{.smallcaps}-dimers \>0.55 mg/L FEU, and history of CVC were involved in the multivariable logistic regression model. From the weight of regression coefficients, we derived a risk score system as follows: score = 1 (sex: male) + 1 (age≥65 years: yes) + 1 (clinical stage in III-IV: yes) + 1 (adenocarcinoma: yes) + 1 (history of chemotherapy: yes) + 1 (history of surgery: yes) + 1 ([d-]{.smallcaps}dimers \>0.55 mg/L: yes) + 2 (history of CVC: yes). The score system distinguished patients with high or low risk of VTE (*c* statistic = .819 \[.783−.852\], [Figure 3A](#fig3-1076029620910793){ref-type="fig"}). In addition, the Hosmer-Lemeshow statistic (χ^2^ = 5.124, *P* = .401) showed rationality of the logistic model. The result of multivariable analyses and risk score of included factors is shown in [Table 3](#table3-1076029620910793){ref-type="table"}. The risk of VTE was significantly and positively correlated with the risk scores in the development group (Pearson contingency coefficient = .418, *P* for trend \<.001).

![Receiver operating characteristic (ROC) curves for the venous thromboembolism (VTE) prediction models using the development group and validation group.](10.1177_1076029620910793-fig3){#fig3-1076029620910793}

###### 

Predictors of VTE Determined for the Development Data Sets by Multivariate Analysis.

![](10.1177_1076029620910793-table3)

  Variables                                Score   β        Wald     *P*     OR (95% CI)
  ---------------------------------------- ------- -------- -------- ------- ---------------------
  Male                                     1       0.927    6.336    .012    2.526 (1.228-5.196)
  Age ≥65 years                            1       0.818    6.776    .009    2.266 (1.224-4.194)
  Clinical stage in III-IV                 1       0.675    4.163    .041    1.964 (1.027-3.756)
  Adenocarcinoma                           1       0.837    5.432    .020    2.309 (1.142-4.667)
  History of chemotherapy                  1       0.945    9.511    .002    2.572 (1.411-4.688)
  History of surgery                       1       0.740    5.706    .017    2.095 (1.142-3.844)
  [d]{.smallcaps}-dimers \>0.55 mg/L FEU   1       0.679    4.772    0.029   1.972 (1.072-3.628)
  History of CVC                           2       1.519    22.734   .000    4.570 (2.447-8.534)
  Intercept                                        −5.879                    

Abbreviations: CVC, central venous catheter; VTE, venous thromboembolism; OR, odds ratio; CI, confidence interval.

According to the predicted incidence of the risk score, patients were classified into 3 groups ([Table 4](#table4-1076029620910793){ref-type="table"}): low risk (scores ≤3 \[predicted incidence \< 5%, n = 215\]), moderate risk (scores 4-5 \[predicted incidence 5%-20%, n = 184\]), and high risk (scores ≥6 \[predicted incidence \>20%, n = 97\]). Incidence of VTE by 3 risk classes in the development group is shown in [Figure 4](#fig4-1076029620910793){ref-type="fig"}.

###### 

Classification of the Patients According to the Predicted Risk of the Risk Score and the Actual Incidence of VTE.

![](10.1177_1076029620910793-table4)

  Score   Development Group         Validation Group                                                                                                              
  ------- ------------------- ----- ------------------ --------------------------------- ----------- ----------- ---- --------- --------------------------------- -----------
  0       0.3%                5     0 (0)              Low risk (\<5%, n = 215)          12.7/NA     0.2%        3    0 (0)     Low risk (\<5%, n = 107)          11.9/NA
  1       0.7%                28    1 (3.6)            0.4%                              9           0 (0)                                                        
  2       1.6%                70    0 (0)              0.9%                              35          1 (2.9)                                                      
  3       3.5%                112   5 (4.5)            2.1%                              60          0 (0)                                                        
  4       7.7%                101   6 (5.9)            Moderate risk (5%-20%, n = 184)   20.3/97.2   5.3%        84   4 (4.8)   Moderate risk (5%-20%, n = 145)   17.0/99.1
  5       15.9%               83    13 (15.7)          11.0%                             61          9 (14.8)                                                     
  6       29.2%               64    19 (29.7)          High risk (\>20%, n = 97)         39.2/93.7   22.9%       49   10 (20)   High risk (\>20%, n = 79)         31.6/94.4
  7       49.6%               28    17 (60.7)          41.8%                             15          5 (33.3)                                                     
  8       69.2%               4     2 (50)             63.4%                             14          10 (71.4)                                                    
  9       83.6%               1     0 (0)              78.8%                             1           0 (0)                                                        

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; VTE, venous thromboembolism.

![Incidence of venous thromboembolism (VTE) by the 3 risk classes for the development and validation group.](10.1177_1076029620910793-fig4){#fig4-1076029620910793}

Verification of the Predictive Efficacy for the Risk Score System of VTE {#section10-1076029620910793}
------------------------------------------------------------------------

The VTE score system illustrated good discriminatory ability in the validation group (*c* statistic = .827 \[.782-.866\]; [Figure 3B](#fig3-1076029620910793){ref-type="fig"}). The risk of development of VTE was significantly and positively associated with the risk scores in the validation group (Pearson contingency coefficient = .429, *P* for trend \<.001). Considering the classification above, 331 patients from the validation group were classified into 3 groups: low risk (scores ≤3 \[predicted incidence \<5%, n = 107\]), moderate risk (scores 4-5 \[predicted incidence 5%-20%, n = 145\]), and high risk (scores ≥6 \[predicted incidence \>20%, n = 79\]). Incidence of VTE by 3 risk classes in validation group is shown in [Figure 4](#fig4-1076029620910793){ref-type="fig"}. The rates of VTE in each of the 3 risk groups in the validation set showed similarity with those in the risk groups of the development set.

Discussion {#section11-1076029620910793}
==========

In this study involving 827 patients admitted with lung cancer during a 5-year period, we found that the incidence of VTE in patients with lung cancer was 12.3%, which is higher than some other studies.^[@bibr3-1076029620910793],[@bibr5-1076029620910793]^ In the literature review, the reported epidemiology of VTE varies widely probably due to different risk factors. In the present study, the clinical stage and histology in a quite high proportion of patients were III-IV and adenocarcinoma, and more strategy such as chemotherapy, radiotherapy, and surgery were used for clinical treatment, which might be the causes of high VTE incidence.^[@bibr7-1076029620910793]^

It is important to know that the incidence of VTE increases exponentially with increase in presented risk factors.^[@bibr13-1076029620910793]^ Hence, the first step to lower the incidence of VTE is to identify all potential risk factors and their effect on risk and to adjust the indications with patient's risk factors and prophylactic management. A thorough risk score system should be helpful for physicians to plan particular prophylactic approaches for patients prone to develop VTE. In this study, factors significantly associated with risk were distinguished by the logistic regression, and all 8 factors were inserted into the score system.

To our knowledge, our score system is the first to give an anticipating score for possible incidence of VTE, especially for Chinese patients with lung cancer. The risk score system showed exponential increase in possible incidence of VTE according to mounting score. Scores of ≤3 related to low risk of VTE (2.2%), as scores of ≥6 related to high risk (35.8%). The discriminant validity of this VTE score system was validated in the validation group with satisfaction. Next, the significant difference of prognosis in the 3 risk groups illustrates the importance of risk classification. What is more, it is important for physicians to record full panel risk factors for VTE, alongside traditional factors such as age and bed rest, considering the high correlation for each variable of the 3 risk groups.

Ottawa score, Khorana score, and Caprini VTE risk assessment are the 3 most common and valuable predictive scoring systems for VTE in cancer population.^[@bibr14-1076029620910793][@bibr15-1076029620910793][@bibr16-1076029620910793]--[@bibr17-1076029620910793]^ Some of the clinical factors included in those systems were also covered in our risk score system; these included, but were not limited to, male, clinical stage, history of chemotherapy, history of surgery, and history of CVC. Therefore, more attention should be drawn to these factors, as they are more likely to show influence on the pathogenesis. The uncommon variables in our score system may be connected with pathophysiology in group of certain patients. For instance, the aforementioned systems were established on patients with various types of cancer, while our system was just based on patients with lung cancer. Body mass index (≥30 or 35 kg/m^2^) present in Khorana score and Caprini VTE risk assessment was not included in our risk model,^[@bibr15-1076029620910793],[@bibr16-1076029620910793]^ potentially owing to poor nutritional status in patients with lung cancer. In addition, the clinical variable of bed rest (≥3d) was another important risk predict factor that was used in Caprini VTE risk assessment but not adopted in our system.^[@bibr16-1076029620910793]^ Our center has built the practice of prevention strategy for bedridden patient due to its well-recognized correlation with VTE. The parameter of hemogram (hemoglobin, platelets, and leukocyte) that was used in the other studies^[@bibr18-1076029620910793][@bibr19-1076029620910793]--[@bibr20-1076029620910793]^ was not included in our system because few cases above normal level were observed in our data set. Finally, the variables of the possible risk factors included in this study are different from the previous predictive models. Future studies are needed to confirm this presumption.

In consistence with previous studies,^[@bibr21-1076029620910793],[@bibr22-1076029620910793]^ in our predictive scoring system, adenocarcinoma was one of the most powerful predictors for VTE development. The risk of VTE in patients with adenocarcinoma was almost 2.5 times higher than that in the patients with non-adenocarcinoma in this study. In the past, various adenocarcinomas are most strongly associated with VTE, indicated by autopsy and retrospective studies. Blom et al^[@bibr21-1076029620910793]^ studied thrombotic risk in 537 patients with non-small cell lung cancer and observed that patients with adenocarcinoma showed 3-fold higher risk (incidence of 66.7‰) against squamous cell carcinoma (incidence of 21.2‰). Tagalakis et al^[@bibr22-1076029620910793]^ also reported a high incidence (13.6%) of DVT in a cohort of 493 patients with NSCLC. All of these have led to the widespread belief that adenocarcinoma plays a role in activating a procoagulant factor by secreting mucin components that may result in VTE.

[d]{.smallcaps}-dimer was another important risk factor prone to VTE, and logistic regression analysis identified [d]{.smallcaps}-dimer \>0.55 mg/L FEU as an independent risk factor. Hence, this factor was used in a VTE risk score system of patients with lung cancer for the first time. It is well known that plasma levels of [d]{.smallcaps}-dimer are elevated in patients with cancer.^[@bibr23-1076029620910793],[@bibr24-1076029620910793]^ Activation of the extrinsic coagulation system and the fibrinolytic cascade within a tumor is thought to be related to growth, invasion, and metastasis. But the hidden mechanisms of this reputed pathology stand undefined, yet multiple pathways have been reported in previous studies.^[@bibr25-1076029620910793][@bibr26-1076029620910793]--[@bibr27-1076029620910793]^

According to the results shown in [Figure 4](#fig4-1076029620910793){ref-type="fig"}, the risk of VTE was highly and positively correlated with the risk scores, we would therefore recommend pharmacologic prophylaxis for Chinese patients with high VTE risk and low bleed risk, mechanical prophylaxis for high VTE risk with high bleed risk, and mechanical prophylaxis for moderate VTE risk. In addition, we believe that this score is likely applicable for populations other than Chinese. First, this risk score showed excellent predictive ability based on 827 patients with lung cancer in our center. As a large tertiary center in Southern China, our patients represent a diversity of population. Second, the general characteristics of our patients are consistent with those reports from the United States and Europe. Nevertheless, we need to validate this score based on data from other populations.

There are several strong limitations in the current study. First, the absence of prospective validation cohort, personal and family history of venous thromboembolic disease, and the taking of an anticoagulant or antiplatelet treatment when lung cancer was diagnosed in patients as well as antithrombotics during treatments and may alter the universality of our results. Second, subgroup analysis of different treatment types was not conducted because of the small sample size, which would neglect the impact of treatment type on VTE. Third, the potential variables of VTE in this study were categorized into 2 groups based on clinical experience or literature rather than their best threshold values that are z. Finally, our risk score was developed and validated in a single center, and the majority population of the study may represent a certain population background. It has to be acknowledged that all these limitations would restrict the universality of this risk score system.

Conclusions {#section12-1076029620910793}
===========

In conclusion, VTE is a frequent complication in patients with lung cancer, as in our study the incidence rate was 12.3%. A novel risk score was developed and validated by incorporating both demographic and clinicopathological characteristics. Our newly developed risk score system illustrated good predictive power for screening patients at high risk of VTE. Individual risk prediction as well as risk stratification based on the risk score may assist clinicians to assess the risk of VTE in patients with lung cancer. However, it was developed and validated by a retrospective analysis and has significant limitations, a prospective validation with all the classic variables assessing the thrombotic risk is needed for a solid conclusion.
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